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Abstract 

The specific problem in this investigation is the 
suudy of the clectrical characteriagvica se: a2 plasms wore, 
Plasma torches are not 2 recent invention; however no devrelop- 
ment was done until the mid 1950's, 

The discussion of the plasma torch in this paper 
includes the basic design considerations for the torch 
itself, the method of operstion including limitations there 
to, and some results obtained from the operation of the 
morch.,. The results presscntced tmclude th: voltage -curyoa, 
charactcoristics for different nozzle lengths and different 
San lengths. some rolitive tompor ture mensuwencitesyie 
two different nozzles, ths stability of the arc, and othor 
melevive dita are also presented, The maine pece lena 
yYOlvod in the operation of ths torch, exccssive anode nea.— 
az, is discussed together with appropri ite amece coo: 
Suzzestions and time limitations on continuous operatie6r 


on the torch, 
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Past 


INTRODUCTION 


we JNGPOCMeT Neh ANC His vores ean a oy 
»~ Plesmea iS delined 1S on 2ea i Zeodmebate ot By eer 
gn which tho concentrati-ms of _osSitive and nevzativo toms 
mmo Cquil., Plasmas vary from low vempsraturecmemc tiers a 
ow 21on concentrations 428 >in the Dilucrsscent so) cor cee 
meaiunm tomper.burs witn Posultins modium tome mcenteaeaea. 
as found in the cloctric welding ano ta »,olatigem a 
Mem oriture and thoretf.rG Hicth 1590 e7nccnbragt moe oem 
mm) bee Slasma Lorca. 
The plasma torch is 2 device presenuly cy oles 


ae 
erotvcine tom cratburcs Sf tne wrdcr sor soCoOe | without 


“ 


combustion. it is not 2 new device as there are corrients on 
9 
atu datin= back tc th: oarly 1900's. However, there was no 
mpoliciticn for the Ceviee at Thao timer ind, b 1cr were me 
mork was dono on ity. Adcditionaliv, tecnniques roqui sedans 
fegoracate highly rarractory crivical components for ccmuea:. 
Sas Operation at hirh powr levels haa nou Deca develoeucs. 
In tiie mid 2950's, 2 very tise Veneer aries sw 
SJurce w2s rejuireld for the study of the nose cone re-entry 
problem, When @ nosc cone re-cnters the earth's atmusphoere, 
the heat generated by th. friction between the cone and the 
adjacent 21r causes the air to disassocijttc into a placa 
Lie OU oui yea Bristclcnece SUL SPSCPItG NuUMDIOrS PeElerams 
the similarly numbercc items in PART Vil, Biteaa ie 


CITED, Used in suoncrt ol ‘Sstatencnis precedime=na 
SUDerScripe. mumsvere. 





This heating also causes ablation of the nose cone and 
serious heating problems with the components in the cone. 
The plasma torch was developed to provide a high tempera- 
ture heat and plasma source so that heat transfer and 
ablation studies could be made of nose cone models oF 
various Shapes. 

After development was under way toward using this 
Seviee 1s a laboratory hoat source, ees began to envi- 
sion some diverse uses for it. The very high temperatures 
Exrouing within the device makes it possible sper lec. teen 
Spraying one substance on to another. The object to be 
sorayed is@placed in front of the torch “md the maitvcreaiave 
be deposited, is put in the torch as a finely ground powder. 
The intense heat in the plasma melts this immediately, making 
Hs possible to spray, aS with a paint spray eum, sucieaa 
melting point materials as tungsten carbide (2850°C) tungsten 
(3350°C) and other materials of this type. 

{In addition to the spraying of one substance on to 
another, it is now possible to manufacture parts from materi- 
al that is normally considered to be very difficult to work. 
The material to be fabricated is nut in the torch as a fine- 
ly ground powder and sprayed on 2 form. The form is then 
removed and the part is complete, Thicknesses can be quite 
accurately controlled with this process. 

High speed cutting of metal plate is also easily 


accomplished with a slishtly different type of plasma torch. 
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One inch stoel plate hes been cut at twice the speed and 
one-half the cost of conventional oxygen tia The 
mesultant edge was Gulve smocun and tree [rom foroiam 
material. 

The largest part of the recent experimental work 
with the plasma torch has been done by personnel primarily 
matcerested in the heating charactcristics of Vtmermcceviec, 
Very recently, however, Thomas and ites heave eon ucd 
on the electrical characteristics of the plasma torch. 
mincy investigated the cloctrical chiaractortcpresect sage. 
in Argon and in Helium bctwcen a brass cathode and a 
copper anode, and between a tungsten cathode and a copper 
anode. Tho range of arc currents reported was 0-3000 
amos DC and the arc fans ranged up to twoewmches. 

It is the purpose of this papor to investigate 
tae clectrical characteristics of the plasma arc torch youn 
a different typo of swirl chamber than that used above and 
eiiterent electrodes, Tne effects of the various torch 
parameters connectod therewith, including gap, gas type, 


gas flow,and anode length will be investigated and dis- 


cussed, 





Be Statement of the Problem 

tne blecbraca le ene iMmecrineyDeparbmemus or sma 
Rensselaer Polytechnic Institute decided in the early fall 
ige9 to cxpand its plasma research activities to inciude 
the plasma arc torch, An informal inquiry was made to an 
organization which manufactures these devices commercially. 
The price quoted by that organization for the torch power 
supply and control console was about $5,000. A suitable 
welding generator and auxiliary equipment was already 
available at R.P.I., and it was felt that valuable lnow- 
ledge could be gained from designing and building the 
torch from the beginning,  Therciore, it was decicdcd tie 
ieee torch would be designed and built av RersL. 

The torch built by Thomas and OY ai was dce 
signed for operation at power levels of the order of three 
megawatts, Consequently, the anode cooling system and the 
swirl chamber among other parts required considerablo 
machining. 

The torch to be built at R.P.I. was to be powered 
by a welding generator with a continuous output of about 
eo KW and it was felt that a satisfactory toreh could be 
built for this power level which would not require precise 
Mmeciiningy This would reduce the initial ¢oss of tae 
terch 92nd would facilitate modifications 2nd repaye ss 


Pine 1nVesui 221) Dresresced. 





It was decided that the R.P.I. torch would have 
non-consumable clectrodes, be of simple mechanical cone 
Stuructvion, and be cGawaple of contunuous operat 1 om wiar. 
periods of 15-50 seconds at 15-25 KW ampuuwy The stabiilicy 
of the arc, reliability of the torch, the volt-ampere 
GCmaracteristic curves, tempersuure ana nNolse Wwerc lous. 
mavestigatod es the @as Gype, flowyarc fap ameeenocc el emer. 
wore varied, 

It was the writer's desire to isarn more about 
arcs and plasmas in general ond this new devilee im parutere 
lar that coused him to undertake this project. Addition-~ 
ally, it was desired to block in the limits of the various 
naramecters including gas tym, gas flow, arc gap and anode 


length, 





PART If 


THR ORY 


Plasmas and Temnerature 








The electric are is a self-sustained discharce 
forming a=low volvare drop 2nd Capable of “supper mom ag. 
tits An arc may be established by the separation of 
Burremb carrying contacts or by transition [rom 2 differen: 
moe, Ind higher voltase discharicy. in this paper eons ta 
eration will be ziven to the sccond type only. Before dis- 
ceuissina ares Turgmer, Sore Uline s shoul) oe soars oe 
Wem ZavulOns  LOnizavicmis thevscparaeromms| som oloctrically 
Meutral atom into a nezative electron and a2 heavy posivive 
tite 16 do this, onc wmst impart suii tetene ener vem e. 
Meuural atom Go remove the electron from the ini liveness or 
mee mucicus, This encrgy is called the tonizapion povchumsa, 
If, when they are formed, the electron and positive ion are 
mona constant clectric field, between clectrodes, e2ca sqm 
be accelerated to the appropriate clectrode. During this 
meavel, the electric field is imparting eneray, bo the pan] 
ticles. Should eithcr of these particles, after having its 
cnergy level raised above the ionization potential by the 
Selectric ficlau, collide with a neutral avem it me, ieee 
SLI PCLOnG enerey bo VUMaAl AUOM uO. PemLZc. deo. Weds meee 
particuloriy truco in the case of the electron. “ser tate. 


it is easy to envision an "electron avalanche” started by 
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the ionization of 2 cas molecule between two electrodes. 
The electrons and ions carry the full are current. It 
should also be pointed out that the ionization potential 
is different for different gases,. After the initial break- 
down of the gap between the electrodes, there are several 
additional sources from which electrons are eonerated TO 
maintain the arc. Upon arrival et the cathode, the heavy 
positive ions surrender their energy. This energy is avail- 
able to heat up the cathode thus causing emission. When 
the electrons arrive at the anode they give up their energy. 
It is possible that electrons may be released from the anode 
4s a result of the impact of one electron. As was mentioned 
before, ths hoavy tons are not as efficient ionizers asvere 
the electrons. In their trip to the cathode, they do 
collide with, and impart some cnergy to the neutral atoms. 
This will raise the energy, and the apparent temperature of 
moeencuvral acom, making fucure Lonizaviem ecacier sa seu 
these methods furnish free clectrons to the discharge, 
Himereforc, once starved, the discharge will maintain tesec i 
as long as the field remains. 
2. Plasmas and Temperature 

As was stated earlier in this paper, a plasma is 
defined 1s an ionized state of matter containing equal con- 
centrations of positive ions and electrons. When the elec- 
trons and ions of a plasma recombine, they give up the 


energy obtained upon ionization, This energy will be 2iaee 





Up=in the form of radiation, on heme eands las. ies 
heat of recombination is the useful heat generated by the 
Digsmaeterch, 

The temperature of a plasma is a rather compli- 


6 
cated quantity, As shown, 


T=wMC® and FE = MCe 
jk e 

Where T is the average tempsrature of the "gas" in degrees 
or in, Cc“ is the mean square velocity in CMe /SEC®, Kare 
Boltzmann's constant anil HE is the energy cf the particle 
imenmestion.  Therefors, the quantiteetcivcratumeec a e- 
rclated to the mean square velocity of the gas. Consider- 
ing a plasma as a mixture of three gasses: electrons, ions, 
and atoms, it is readily.apparent that if all particles 
have the same energy, they will all have the same tempera- 
mares This situation is defined as thermal "equi lieriun, 
It should be noted that even though the temperature and 
energy are the same, the velocity will vary inversely as 
the square root of the mass. The neutral atoms will not 
be affected by the field however, as the ions and atons 
are the same size, the ions will have frequent collisions 
with the atoms and will thus raise the energy and tempera- 
mre of the neutral atoms. The electrons will have Less 


frequent collisions and thus attain their higher velocity. 





=| Eee eee Be 


Be. arc Volt-Ampere Charactoristics 

The voltage drop across a D.C. are at atmospheric 
pressure is well defined and consists of three rerions. 
Extending out from the cathode a short distance is the 
cathode drop region, The voltage across this region isyen 
mince Order of the teesG 12oni zation pobensial Olean eo ace ue 
Wiech the arc burnis sand there is a very high vostbl vom 
ppace Charge in eas bce The second region is the 
positive column or plasma which connects the cathode drop 
Yogion with the anode drop region. This region is charac— 
Gorized by a plasma with a small Jinear yoltage gradiecntescd 
fire temperature, Uhe thard region 1s) the anode dvo avec omer, 
Mie extends a short distance from themamo.de ind pacrc mass 
a high negative space charge at the anode end of the anode 
Grop regions This is caused by the electrons collicered by 
the anode. Hach electron arriving at the anode gives up 
energy in the form of heat equal to the anode potential 
drop plus the equivalent of the work function of the aa 
im2s, plus the heat radiated to tne anode from the plasma, 
heats tho anode and was a serious problem with the torch 
meer discussion. 

The literature is full of reports of investisavioms, 
into the volt-ampere characteristics of electric arcs at 
Ponospneric pressure. § in 1902, ae reported that the 


voltage across carbon electrodes separated by 1 to 7 milli- 


meteors docreased rapidly as the current was increased sna 
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2 amperes to about 15-20 amperes. Above about ZO amperes, 
bhe arc became Noisy, Gnd Une voltase tncrecascd Silicate 
With Increasing current, fottLee confirmed the basic 
shape of these curves. This work was only done for cur- 
rents below 50 amperes, Finkelnbure sone Cie reste. 
and carried the current to 100 amperes with carbon elec- 
trodes. He concluded that the decisive phenomena of the 
carbon are are determined by the conditions in the anode 
arop repion and that bhic ianerease of tobal Srenvolpeccm am 
the high current carbon arc is caused by an increase of the 
anode drop with increased current. He also noted that a 
crater always formed on the positive carbon clectrode, 

Mere. recenbiy, Jones, Sicolnik, and ee investigated 
the elcctric arc bctwcen tungsten electrodes, separated up 
to 1.0 inches for currents up to 100 amperes at atmospheric 
Peossure, an Argon and again “im Heliumy iiey revortca Uae 
seme Gdcereasing characteristic bul reportcadene, eas ims 
Emaractcristic below 100 amps, the limit of uheir invesvi— 
gations. Sees reported a riso in are voltage with arc 
current above about 50 amps between a tungsten electrode 
and a stecl plate in an Argon atmosphere, 


These characteristic: curves will be discussed 


again later in this paper. 





la 


C> itJvpes of Plasma Torches 


A plasma torch is, as was said previously, a 
device capable of creating high temperatures. To do this 
an arc is established by an auxiliary device in a DCO 
field between two electrodes. Gas is ‘jpagsed through — -. 
the arc wherein the @as molecules are ionized. The gas 
pressure inside of the torch then forces this plasma out 
the front of the torch, Upon reaching the cooler atmosphere 
outside of the torch, the electrons and ions recombine giv- 
ing up energy. The part of this energy given up as heat 
is the useful heat generated by the torch. 

There are two types of plasma arc torches. These 
are the transferred arc torch and the non-transferred arc 
torch. Figure I shows these two types of torches. 

In the transferred arc torch, the arc is origina, 
struck within the torch, After establishment, the are is 
transferred to the work, This type of torch is especially 
miectul in cutting. 

In the non-transferred arc torch, the are is 
struck and maintained almost completely within the torch. 
Usually, only the plasma is available for productive work. 
This type of torch is especially suited for spraying and 


as a high temperature heat sourcée 
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Transrerep Arc Prasma Torch 





Non- TRANSFERRED Arc PLasmMA  TorcH 


oa 


Fig. 
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PART aa. 


EXPERIMENTAL PROCEDURES 


At” Desion of Subjee Toren 





The design of she torch was givemevery caretul 
consideration, The required torch was to have noneconsum- 
able electrodes, if possible, be of simple mechanical 
construction to facilitate the change of components and 
ease of fabricationsand to be able to reproduce data, 

Prior to completing the final design, two field trips were 
made to organizations presently involved in plasma torch 
research, These were The Thermal Dynamics Corporation, 
Lebanon, New Hampshire, and the AVCO Manufacturing Corpora- 
tion, Lawrence, Massachusetts. In both cases, personnel 
working with the torch were very helpful and offered vale °** 
uable suggestions, Additionally, the torch design used by 
Thomas and ae was examined carefully. 

in an attempt to satisfy the requirement for non- 
consumable electrodes, Tungsten was chosen for the cathode 
and carbon for the anode. Any metal or carbon could have 
been used for the cathode but it was felt that Tungsten 
would outlast other metals and perform the clectron 
emission functions of the cathode better than carbon, Like- 
wise, a2 metal could nive been used for the anode in place 
er corbon, Initially, it was hoped that if a sufficienul, 
Harge piece of carbon Were used, no auxiliary cociiueme- 


the anode would be required, On this basis as well as its 
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ability to withstand high temperatures, carbon was chosen 
for the anode. 

At this point, all materials for the fabric maven 
and testing of the torch were available except the insulat- 
ing sleeve which forms the body of the torch, An attempt was 
made to use an available bakelite tube but this did not 
Bive satisfactory resulvs as the bakelite overneated badly 
in a few seconds, The tests did indicate the urgent re- 
quirement for auxiliary anode cooling nd some changes in 
the gas system, In this first model, the cas inlet vores 
were installed perpindicular to the body of the torch yey 
the conclusion of the tests, the anode was examined and it 
exhibited uneven erosion, It was felt that the uneven cro- 
Sion was caused by the gas not swirling the arc properly, 
Po correct these deficiencies, it was decided to make the 
body of the torch from Micarta due to its excellent heat 
resistant qualities and to install the gas ports at 45% 
angles to the axial and transverse axes of the torch, This 
tends to rotate the arc giving even wear to the electrodes. 
Biter inclusion of a water jacket for anode cooling, the 
design proved successful. No dimensions were found to be 
GEritical, but axial symmetry is important for even burning, 
The final design as actually constructed and tested is 
Shown in Fizure IIA, Figure IIB shows the plasma are toner 
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we 
Be Apparatus and #rocedure 


The wiring diasram for the plasma torch set up is 
shown in Figure Temeetiede of Chiewauxt liar, equlpmemee 
critical except that the DCO power supply must have a droop- 
ane voltage characueristic,. The De power supply usec ae 
Lincoln Weldinrs renerator rated at GOO amperes output with 
current and voltace control and a no-lead voltage of about 
115 VDC. The high frequency starter is 2 standard P&H 
fen frequency welding “ec Suarter. ineweas iLowiner ca. 
an Oxweld L-2T Critical Orifice Flowmeter equipped with 
Orifice #31. At 11 psig on the wostream gage, approxi- 
mately 4 cfm of argon enters the torch, The meters used 
are standard Weston meters, 0-150 VDC and 0-50 miliivolus 
with an 800 ampere shunt, 

In obtaining the data reported herein, the pro- 
cedure listed in Appendix I was used, The first data taken 
is shown in Figure IV. The gap was set and then the points 
were taken. After taking; all of the points for a particu- 
lar curve, the gap was rechecked and the inside of the anode 
was checked for wear. 

After taking the data shown in Figure IV, an un- 
successful attempt was made to use Helium instead of Argone 
It was not possible to produce a stable arc at any gap 
setting up to =", 

After the unsuccessful attenst with Relive. 
Lit 


anode was shortened from 33" to 26" and the data shown in 
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Figure V were taken. By this time a silivery-white coating, 
later believed to be tungsten oxide was beginning to coat 
the cathode and it was impossible to start the torch at 
caps greater than #", It was felt that this coating was 
caused by turning off the gas supply simultaneously with 
the electric power to the arc. This allowed the hot 
tungsten cathode to cool in an atmosphere of air causing 
toe tungsten oxide to form. An attempt to polish this 
oxide off was made however, this apparently contaminated 
the cathode and reproducible results were not obtained after 
that. Throughout the tests, the torch was run continuously 
for periods up to 30 seconds. It would have been possible 
to run it longer except for excess anode heating. If the 
torch were left on in excess of 30 seconds, the water in 


Gae anode cooling jacket would boil. 
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Pra iy 


RESULIS 


At first, an 2ettempt was made tc use an argon fas 
flow of 1 CFM. This was unsuccessful at all gap lengths as 
waewarc did not rotate end Thus eroded the anode Uncveni 
adaitionally, apparently also due to the low sas flow, 
excessive anode heating made it impossible to run the torch 
imor more than 15 seconds. 

attempts were made to operate at various gaps and 
agas flow of 6 CrM but these were also unsuccessful, The 
gas flow was too high and blew the arc out. 

The results obtained included those snown in 
Figures IV and V. These volt-ampere curves were taken for 
various gaps, two different anode lengths and with a gas 
flow of 4 CFM. The are was easy to start, stable, anode 
erosion was very small and quite even. Prior to taking the 
data shown in Figure V, the inner face of the anode was 
remachined removing all traces of erosion, After taking 
the data, the anode inner face was examined, and it exhibited 
negligible erosion, The sharp corners at the edge of the 
chamfer were intact, and the overall condition was «uite 
good. Negligible cathode damage occured during the test. 

An attempt was made to use helium instead of 
Argon. Full generator voltage was required to maintain 


the are, and stable operation was never obtained for any gap. 
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The arc reacted violently and was impossible to control. 
The only readings obtained with Helium were 64 volts at 
800 amperes and a 4" gap. At the conclusion of the run 
Miod Heliumy the anode was examinea, ama Geep Crosicne7 os 
noted in two places, No cathode damage was observed, 

The P&H high frequency starter would not initiate 
the arc with a gap greater than 3/8" so no data were obtained 
for gaps above this value. No gap less than 1/8" was used 
meoit was felt that irresularitics maytne 2n0de jor scavmede 
would greatly influence gap and the arc; and that the data 
manus obtained would not be reproducible, As a result. ae. 
@ecra were taken for gaps of 3/8", 1/4" and 5/S™gy With Arcon. 
ec arc was stable for ali currents between 150 sande og 
eps. lhe torch could be operated up to 50 seconds at 400 
amperes with Argon gas which fulfilled the power input 
requirement of the original design. With Argon gas at a 
Plow of 4 cubic feet per minute, negligible electrode cro- 
Sion was observed, This satisfics the non-consumablo 
emecurodue requirement of the original design, 

An attempt was made to run the torch with the 
tungsten as the anode and the carbon as the cathode, Stable 
operation was not obtained and at the conclusion of the 
test, the tungsten was examined, It exhibited deep pitting 
around the cdge, 

Time did not permit quantitative tempcrature 


measurements, However, a piece of 1/16" stecl was placed 
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in trent of the lenseumodemmor bouts 60 seco cane 


was heaved red hou, buy f@urmevyer meltcd, lLabers Wwe wom. 1c 
end of the same piece of metal was placed $" in front of the 
short anode, and a hole 5/8" in diamcter was burned in it 
after abcut 15 seconds, These two tests were conducted with 
about 13 KW input to the torch and =" gap. 

The gathering of data had to be stopped after 
taking that shovm in Figure V as it became impossible to 
obtain reproducible data. As wis previously stated, it is 
mely that this was caused by the ox de Corti comvee 
tungsten cathodsc, Attempts were made, first by wire brush- 
oae and then with emery paper, bo polish the oxideweoarie 
off of the tungsten cathode » iG was possible LO—memer oan 
coating but aftor doing so, it was not possible Go ZOU 
meproducabic datos. Random variovions of voltarowwacoun 
sbove and below those previously recorded were obtained, 


It is felt that this was caused by contamination of the 


oly lave~ekew 
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DISCUSSION 


Ag Intorprebation ol Results 





The results of this investigation indicate that 
1G is feasible to build an inexpensive plasma arc torch 
that will be stable and give reproducible results using 
Argon gas. The arc was quite stable, anode erosion was 
meeligible;and the only thins that Timi ved splice conwsnvweus 
operation of the torch was the severe heating of the anode, 

The unsuccessful use of Helium was probably 
caused by a combination of the following facts, The itoniza- 
tion potential of Helium is approximately twice that of 
Argon. This requires more voltage across the Helium arc 
than the Argon arc. To give this addional voltage, the 
eutput of the szenerator had to be Considerably increased, 
When the Helium arc was finally started, current up to 800 
amperes was noted, This greatly increased power input, 
twice that originally anticipated, caused severe anode 
heating and damage, The failure of the carbon anode at 
high currents agrees with ee ee previously 
made 

The volteampere curves in Pigure IV and Fifties 
exhibit a negative slope for low values of current. 2 
Minimum arc voltage drop with its zero slope and finally 


a positive slope as the current is increascd from low to 
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high values, The voltage Grop across ths arc was inereased 
as the gap was increased from 1/8" to 3/8", This agrees 

ieee gO od 

well with previous work in this area, The curves 
for the short anode were flatter at the minimum points and 
the 1/8" gap curve showed no rising characteristic below 
o2o amps. It is felt that the curves, ~prticularly the one 
for the 1/8" gap, of the short anode are not too reliable 
because of the oxide coating on the cathode appearing at 
the time. The attempts at meltin~ steel definitely favor 
the short anode, This is reasonable because with the short 
anode the electrons and ions in the plasma have Tess chance 
to recombine before leaving the torch and thus are availe 
able for useful work, It would therefore appear that any 
torch designed for cutting should have asshort an anodo as 
possible. 

Preliminary investigations indicated that the 
length of plasma extending from the torch was not a 
munGtion of the arc current or gap, Lb is felt thaweeac 
distance the plasma extends from the torch is a function 


pue eas Tlow. 








a 
B, @@tiguromiress Voreinvestrexeron 

There arc several problems connected with the 
plasma arc torch that bear further investiscation. The 
first, Mend Most Clbviousminvon thewdare presentcd Here is 
a revision of the anode design to include more cooling. 
medi tionally, while making a change in the anode cooling 
syatom design, it Might be "desirable to use enotnier material 
for the anode, A water cooled anode might be made from 
two =" brass or copper plates spaced an inch or so apart 
in the form of a doughnut. Between these plates, it would 
be possible to place a spiral baffle which would allow 
the water to cnter near the center and circulate around 
leaving near the edge, Aliso, it might be desirable to 
shane the orifice in the anode more alone the lines of a 
supersonic orifice, A refinement might be the plating of 
the copper or brass anode described above with Tungsten 
to increase the anode!s non-consumable property. The 
effects of different diameter orifices and anode lengths 
might also be investirated as well as improving on the 
anode cooling techniques, 


ala 
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second area requirames i umpaer INnVGsvti1 capac 
is that of temperature. It is obvious that normal tempera- 
ture measurement techniques are not useful in the range of 
temperatures existinzs in this device. Two methods of 
temperature measurement are immediately apparent, A water 


cooled calorimetcr mirht be used to measure the enerry in 





ats 
the plasma and a heat balance used to calculate the 
effective temperature of the plasma. The second method 
would be to introduce a finely powdered material with the 
gas and observe the material with a spectrograph as it 
Heit the torch, Li thie eand ete escre- i circ. oO! mune 
material wire known, the temperature of the material would 
then be known, Aftcr a satisfactory method of temperature 
measurement is established, it will then be possible to 
evaluate the various torch parameters, gap, gas type and 
gas flow, in terms of efficient plasma goneration,. 

A third ares that anvites further inveorieat tomes. 
that of different gas types. After the anode cooling 
probieom is solved, it should be possible to use leaca, 
other than Argon providing that a DC voltage source with 
aa Open circuit voltages of approximately 200 yvyolusers 
available. If further work in this field is anticipated, 
a new power supply and high frequency starter should be 
Socained. The DC power supply Should have an openeci: cums 
motvage of 200-250 volts and 4 Current rating of L000 
amperes. The high frequency starter should be capable of 
breaking down a 14" gap and carrying 1000 ampse 

After all of the problems listed above have bcen 
Savisfactorily solved, it should be possible to investiga 
the spraying and cutting propertics of the torch as the 


various parametors, gas type, gas flow and gap are varied. 





Additionally, it should be possible to use this torch 
as a plasma generator in connection with Magnetohydro- 


dynamic expcoriments. 
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APPENDIX I 
DETATLED OPERATING PROCEDURE 
he operation of the torch can be broken down 
into three phases, 
Le Proedimenars 

a. Adjust cooling water flow and check for 
Peace 

De AQQUSE aS Oressurem Orde sired, 244 
flow. 

Ce. Start DC generator and adjust the open 
C1YCull voltage Lor 9o voles. 

d. Adjust the gap. This is done by 
measuring the linear distance the cath- 
ode is moved back fr .m anode and noting 
that this is the hypotenuse of a 45° 
Yight trianzle. Ene arce2op oom eel 
the legs of this traangie so the are 
gay is the linear travel divided by V2, 

2. Start-up and Operation 

1. Turn on gas and DO power to touch 
(Switch Sl in Figure IIT) 

be Turn on high frequency starter (Switch 
Sy aineu babeseane) ILE) 

ce Turn off starter when torch fires. 

d. Adjust generator current control to give 


lesired power input to torch. 





OL 
6, ake cesired reacines conccrnin: 
Oper 2ciom of Goren, 
oe ohutdown 
a. Turn off gas and DC to torch (Switch 
Sl in Figure II7) 
be Turn off generator 
Ge Tur off all eircuit breaker fecdiaeuiae 
equipment and turn off sas at the 
Cy imagierms 
ad, urn “oft “coolime waiter Dube em eat ven 
anode is no longer hot to the Gouch. 
Switch Sl shown in Figure III should be kept 
readily ut hand since it can be used to stop the torch im- 


Mediately in cise of trouble, 
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